Abstract The cross sections of fragments (σ f ) produced in the even 36∼52 Ca projectile fragmentation reactions at 80 AMeV are calculated in the framework of the statistical abrasionablation model. The distributions of σ f are investigated. Linear correlations between the peak positions of the distributions and charge numbers of the fragment isotopes are found.
Introduction
Heavy-ion collisions (HICs) provide a lot of information about asymmetric nucleus [1∼3] (which has big neutron excess). Projectile fragmentation and multifragmentation at the intermediate energies or the relativistic energies are the basic experimental methods for studying the properties of the neutron-rich nucleus [4∼7] . 3rd generation radioactive ion beam (RIB) facilities, such as BigRIPS in RIKEN, and CRS in Lanzhou, provide higher quality and a larger variety of asymmetric nuclear beams, where lots of work in nuclear physics is focused on the properties of the very neutron-rich nucleus [8∼11] . Isospin phenomena are induced by the big difference of the proton and neutron distributions. The density distributions of protons in the nucleus can be well measured through the scattering reactions but the density distributions of neutrons are difficult to be measured directly [12, 13] . Since proton and neutron density distributions affect the production of fragments in the projectile fragmentation [14∼17] , there may be some observables which can be used to extract the neutron distribution in the neutron-rich nucleus. In this article, the cross sections of fragments produced in the 80 AMeV even 36∼52 Ca isotopes' projectile fragmentation are calculated. The isospin dependence of the projectile fragmentation in both proton-rich and neutron-rich nuclei is also studied.
The statistical abrasion ablation model
The statistical abrasion ablation (SAA) model was developed by BROHM and SCHMIDT to describe the peripheral nuclear collisions at high energy [18] . FANG and ZHONG et al. modified the model and made it proper to study HICs at the intermediate energies [14∼17,19,20] . In the SAA model, the colliding nuclei are described to be composed of parallel tubes oriented along the beam direction. For an infinitesimal tube in the projectile, the transmission probabilities for neutrons (protons) at a given impact parameter b are calculated by
where D T is the nuclear-density distribution of the target nuclei integrated along the beam direction and normalized by d 2 sD
and Z T refer to the neutron and proton numbers of the target, respectively. D T can be any possible type of density distributions, such as the Fermi-type density distributions. σ k k is the nucleon-nucleon reaction cross sections (NNRC) in the free space [22] . The vectors s and b are defined in the plane perpendicular to the beam direction. The average absorbed mass in the limit to infinitesimal tubes at a given b is
(2) In the de-excitation stage, the excitation energy of the projectile spectator is estimated by the simple relation of E * = 13.3 < ∆A(b) > MeV [21] , where 13.3 is the mean excitation energy due to an abraded nucleon from the initial projectile.
The production cross section (σ) for a specific isotope can be calculated from
MA Chunwang et al.: Isospin Dependence of Fragmentation Cross Sections in Collisions of Neutron-Rich Ca where P (∆N, b) and P (∆Z, b) are the probability distributions for the abraded neutrons and protons at a given impact parameter b, respectively. According to Eq. (1) and Eq. (2), the production cross sections of fragments are decided by NNRC and the density distributions of protons and neutrons. Neglecting the density dependence of NNRC, similar cross sections of fragments suggest similar distributions of protons and neutrons.
In the framework of the SAA model, the cross sections of fragments produced in even 36∼52 Ca + 12 C projectile fragmentation at 80 AMeV are calculated. The density distributions of proton and neutron for the projectile nuclei are assumed to be the Fermi-type [23] .
Results and discussion
The cross sections of fragments (σ f or σ) are plotted in Fig. 1 . To compare the cross sections of fragments isotope by isotope, σ of the fragments are plotted as a function of ∆Z (for isotones) from the projectile and ∆N (for isotopes) from the projectile ( ∆Z or ∆N can indicate the violence of the collisions). The differences between σ distributions of isotopes produced by different projectiles become smaller and disappear as ∆Z increases, which suggests the isospin dependence and its disappearance in the projectile fragmentation of the neutron-rich nuclei [14, 16, 17] . The peak positions and width of the σ distributions are fitted using the Gaussian function (if the σ distribution can be fitted). The peak positions are plotted in Fig. 2 as the function of ∆N for isotopes and ∆Z for isotones. The correlations between the peak positions of σ distributions for isotopes and isotones and ∆N or ∆Z are linear. For the σ distributions of isotones, the correlation between the peak positions of isotones and ∆N moves upward as more neutrons are included in the projectile nuclei. The correlation between the peak positions of isotopes and ∆Z is almost overlapped except for the isotopes that are near the projectile, i.e., less protons are lost in the reactions. As discussed in Refs. [16, 17, 24] , the cross sections of isotopes are similar in the productions of the central or semi-central collisions and the difference exists almost totally in the peripheral collisions. The correlations between the peak positions of cross section distributions for isotones and isotopes in Fig. 2 are fitted using the linear function y = bx + a. Slopes and intercepts are obtained and plotted in Fig. 3 . As can be seen in Fig. 3 , the obtained slopes and intercepts of isotopes increase as Z of isotopes increases. While for isotones, the slopes and intercepts decrease with the increasing N of isotones. 
Conclusions
In summary, the cross sections of fragments produced in the 80 AMeV even 36∼52 Ca + 12 C projectile fragmentations are calculated in the framework of the SAA model. The cross section distributions of isotopes and isotones are investigated. A good linear correlation is found between the peak positions of the cross section distributions of isotopes and isotones. By fitting the linear correlation between the peak positions and ∆N (∆Z), the slopes are found to have exponential correlations to the numbers of neutrons of the isotones or the numbers of protons of the isotopes. 
